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Figure 1. Experimental evidence for novel gravity-like fields. The figure shows an overlay of two pictures. The four solid curves, taken
from the Stanford-NASA Gravity Probe B space flight experiment,1 show the directly measured misalignments of the four gyroscopes
(gyro) employed in this experiment, made from niobium coated quartz spheres that are rotating at superconducting temperatures. The
two dotted curves show the theoretical misalignment of the gyros calculated by EHT (Extended Heim Theory) caused by the presence of
the postulated gravitomagnetic field, which, according to EHT, should result from the rotation of the cryogenic Nb coated quartz spheres
(gyros). This gravitomagnetic field, being 18-20 orders of magnitude larger than classical relativistic frame dragging as predicted by GR
(General Relativity), is outside GR and would denote a novel physical phenomenon. Moreover, the presence of this effect might cause gyro
anomalies and render the data analysis much more challenging.
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In this paper we discuss the current state of the art on the existence of gravity-like fields, which are gravi-
tational fields that cannot be described by conventional gravitation, i.e. by the accumulation of mass. The
gravitomagnetic effect of these fields is 18-20 orders of magnitude larger than predicted by classical GR frame
dragging. The paper starts with an introduction to the present experimental basis for the existence of these
novel gravity-like fields. The second section is dedicated to a discussion of the main physical features of a
geometrized approach termed EHT (Extended Heim Theory), and to elucidate the underlying geometrization
approach, extending Einstein’s idea of the geometrization of physics by employing the additional concepts
of Heim (1952, 1977) and Finzi (1955). As a consequence, EHT predicts, as already published in 2002, the
existence of two additional gravity-like fields that can be both attractive and repulsive that is, there exist six fun-
damental physical interactions, of which three are of gravitational nature. In section three, all experiments
are discussed that have measured gravitomagnetic or gravity-like fields (acceleration), and EHT is utilized to
calculate magnitude, direction, and physical features of these fields for all those experiments. Furthermore,
a comparison with measured and EHT results is performed. In particular, an analysis is presented for the
recent set of experiments by Tajmar et al. (2007, 2008) utilizing a cryogenic (≤ 30 K) rotating Niobium ring
as well as the recent experiments by Graham et al. (2007) employing a rotating superconducting lead disk.
Emphasis is also given to the NASA-Stanford Gravity-Probe B gyro misalignment phenomenon (2007). GP-B
was launched in 2004 to measuring the frame dragging effect of the Earth, as predicted by Lense and Thirring
in 1918. During GP-B another anomaly was seen, namely a 10 Hz frequency shift indicating both deceleration
and acceleration among the two gyro pairs. In Section four, the nature and type of the fundamental interac-
tion(s), responsible for gravitomagnetic effects, is determined. Utilizing straightforward physical arguments it
is demonstrated that none of the four known fundamental interactions can be the cause of these fields. In addi-
tion, in the meantime, the frame dragging effect was determined from the LAGEOS and LAGEOS II satellite
data, and GR was confirmed within 5 to 10 % accuracy. Thus, the frame dragging effect is extremely small,
and GR cannot be responsible for any of the observed gravitomagnetic phenomena. This holds also true for the
gyro misalignment and the frequency shift in the GP-B experiment. The GP-B team did a careful analysis of
all physical effects that might have been responsible for the misalignment, e.g. electrostatic forces between the
gyro housing and the gyro surfaces, but it seems that the phenomenon cannot be resolved completely. Accord-
ing to EHT, a substantial part of the observed gyro anomaly should be due to the action of the two additional
predicted gravity-like fields. Therefore, there should still be room for the gyro misalignment effect of gravito-
magnetic fields. In Section five, based on the results of EHT, a novel experiment for the generation of a vertical
gravity-like field is presented that might serve as propulsion principle, depending, however, on the physical
nature of gravity-like fields. In the Conclusions section the validity of the experiments is discussed along with
the state of the physical model. The major consequences of gravity-like fields in the general area of technology
(transportation), physics, and cosmology are outlined. Finally, recommendations are made to advancing the
state of gravitomagnetic research, and to the possibility of developing fundamentally new technologies.

I. Introduction to the Experimental and Theoretical Generation of Gravitomagnetic and
Gravity-Like Fields

Spaceflight, as we know it, is based on the century old rocket equation that is an embodiment of the conservation of
linear momentum. Moreover, in our spacetime, special relativity puts an upper limit on the speed of any space-vehicle
in the form of the velocity of light in vacuum. Thus, current physics poses severe constraints on space propulsion
technology. These limitations can only be overcome if novel physical laws can be found. Therefore, during the last
two decades, numerous experiments related to gravity shielding or gravitomagnetic interaction (coupling between
electromagnetism and gravitation) were carried out, but eventually all proved to be incorrect.

In the 1990s a Russian scientist claimed to have measured gravitational shielding. A similar claim was made by
an American scientist several years later. However, in their recent paper Woods et al.10 have delivered overwhelming
experimental evidence that these two claims cannot be substantiated. This kind of gravitational shielding simply does
not exist. In 1997, a Japanese free fall experiment using an encapsulated spinning gyro6 reported differences in free
fall time depending on the direction of rotation. The authors concluded that an asymmetry (parity violation) caused
the generation of anti-gravity. It is interesting to see that the following three sets of experiments described below, also
observe an asymmetry between right and left rotations. However, the equations of motion for a free falling body in
an atmosphere are highly complex, because of aerodynamic lift and drag (pressure drag, friction drag) that also may
be time dependent. Although the spinning gyro was encapsulated, it might have transferred angular momentum, for
instance, by friction effects, to the free falling body causing a rotation of the body. This rotation would have changed
the free fall time. If the gyro had a small geometrical asymmetry, a rotation in one direction (18,000 rpm) might cause
a transition from laminar to turbulent flow, and thus may lead to a different transfer in angular momentum, depending
on the direction of rotation. Since the authors do not address these possible sources of error, it cannot be decided
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whether or not this experiment is reliable, and therefore it was not considered in the current experimental analysis.
This experiment was conducted at room temperature. It has not been investigated in how far such an effect is predicted
by EHT.

However, on 23 March 2006, the European Space Agency (ESA), on their webpage, announced credible exper-
imental results, reporting on the generation of gravitomagnetic (frame dragging field) and gravity-like fields (accel-
eration or artificial gravitational field, details see Sec. III) in the laboratory. Since then, substantial progress has
been made on the experimental front. Since 2006, Tajmar et al. have refined their experimental setup, repeating their
experiments, and in July 2007, Graham et al. published a paper seeing a similar effect for a superconducting lead
disk, but using a completely different measurement technique. In addition, in September 2007 Tajmar published a
comparison between the two sets of experiments. Further results were recently published by Tajmar (2008) in,16 con-
firming earlier measurements. Moreover, in 2007 results of the Stanford-NASA Gravity Probe B (GP-B)1 experiment
became available. GP-B employed four small, extremely precise gyroscopes as its main tool for detection of geodetic
(spacetime deformation by a static mass) and frame dragging (spacetime twisting by a rotating mass) effects. Since
in GP-B two pairs of counter-rotating superconducting niobium coated quartz spheres are utilized, the two gyros in
each pair should feel the presence of the gravitomagnetic field as generated by the other. This situation is similar to
Tajmar’s and Graham’s experiments, see Sec. A. Thus, according to EHT, first, a gravitomagnetic field should be
observed, leading to substantial gyro misalignment (i.e., spacetime twisting acting as a force that pushes on the gyro
axis and forces it out of alignment as it circles around the Earth) and second, a tangential gravity-like field should
be observed (acceleration field), generated by the rotation of a gyro in the spatially nonhomogenous gravitomag-
netic field of its partner, leading to acceleration and deceleration of the two gyros. Therefore, the misalignment of
the orientation of the axes of the GP-B gyroscopes over time should not be completely explainable by conventional
assumptions like electrostatic forces between the housing of the gyro and the gyro surface etc. The same holds true for
the second gyro anomaly, namely the measured gyro frequency shifts in GP-B, meaning that one of the gyros in each
of the two gyro pairs was accelerated over the measuring period of 10 months, while the other one was decelerated.
This can be understood by the fact that an observer fixed to the surface of one of the uniformly rotating gyros (each
pair considered separately) represents a non-inertial frame, F ′. In this frame, the spatially non-homogenous gravito-
magnetic field Bg of F , generated by the rotation of the second cryogenic gyro, is therefore perceived as a time varying
gravitomagnetic field. Thus, a gravity-like (acceleration) field occurs in F ′, acting in the plane of rotation in tangential
direction, and thus should either accelerate or decelerate the gyro, depending on its sense of rotation, clockwise (CW)
or counter-clockwise (CCW), for further details see Sec. B.

The generation of the gravitomagnetic and/or gravity-like field(s) in all three sets of experiments, Tajmar, Graham
and GP-B seems to follow the same mechanism. A gravitomagnetic field is observed for a rotating Nb or Pb ring,
sphere, or disk at a specified cryogenic temperature (somewhat above the critical temperature, TC, for superconduct-
ing), and is many orders of magnitude larger than predicted by GR. A gravity-like field (gravitational acceleration field)
can be generated by producing a time-dependent gravitomagnetic field. The ensuing gravitational force observed is
more in the range of the electromagnetic force. In other words, the coupling constant for the gravity-like field must
be completely different from common gravitational coupling. Hence, we are in the fortunate situation to have data for
the validation of physical models, in contrast to current theoretical physics, in that three different types of experiments
exist, employing very different measurement techniques, performed both on earth and in space, but reporting the same
physical phenomenon.

Regarding the reliability of the experimental results, it should be mentioned that M. Tajmar et al. at the ARC
Seibersdorf, Austria (a certified ESA test center) had carried out these experiments over a period of about three years
prior to publication. The authors report that a rotating Nb ring of some 15 cm diameter generated a gravitomagnetic
field below some 30 K. In addition, every time the cryogenic Nb ring was subjected to angular acceleration at around 4
K, a gravity-like field was measured in the plane of the ring in circumferential direction. The induced acceleration field
was opposite to the angular acceleration, following some kind of gravitational Lenz rule. In addition, an acceleration
field was also observed when the Nb ring was rotating with constant angular velocity, but undergoing a phase change
that is, from the normal to the (superconducting ?) state. This was achieved by reducing the temperature below 9.2 K,
the critical temperature for Nb. Moreover, no acceleration was measured when the Nb ring was in normal conducting
state.

GR predicts that any rotating massive body (Earth) drags its local spacetime around, called the frame dragging
effect, generating the so-called gravitomagnetic field. Since spacetime itself gets twisted, a gyro whose axis of rotation
remains invariant, should exhibit a misalignment, since our local coordinate system is no longer inertial. This effect,
predicted by Lense-Thirring 1918, however, is far too small to be seen in a laboratory on Earth. For this reason the
GP-B experiment was launched in 2004 after more than 40 years of preparation (see Sec. III). On the other hand, the
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values measured by Tajmar et al. were about 18 orders of magnitude higher than predicted by GR, and therefore are
outside GR. They cannot be explained by the classical frame dragging effect of GR and represent a new kind of physical
phenomenon. In other words, the cryogenic Nb ring, with a mass of about 100 grams, caused approximately the
same frame dragging effect as a white dwarf, see Eq.2.

When analyzing Tajmar’s experiments using EHT, it became obvious that an experiment could be devised, demon-
strating the generation of a gravity-like field in the vertical direction (along the axis of rotation), most likely capable
of lifting a body from the surface of the Earth. Sine this effect only occurs at very low temperatures it is surmised
that a phase change takes place leading to some kind of boson coupling between electrons that do not necessarily have
to form Cooper pairs, but instead might form some kind of Bose-Einstein condensate, causing these novel physical
interactions. Based on calculations of EHT, the technical requirements like magnetic induction field strength, current
density, supply power etc. should easily be met with present technology. Required values for such an experiment are
substantially lower than for the previously proposed experiments that assumed fermion coupling to achieve vacuum
polarization.22

Extreme caution is needed when announcing novel physical interactions. Several years ago, a novel physical inter-
action (fifth force) was announced by a group of physicists at Purdue University and Brookhaven National Laboratory
(Fischbach, 1986) who claimed to have found experimental evidence for a distinct deviation from Newton’s law at
intermediate distances between 1 m and 1 km. After four years of elaboration and 12 more experiments, agreement
was reached that there was no fifth or sixth force. This time, the situation is different in that no geological structure or
chemical composition of the environment is of importance. The physical effects measured by Tajmar and Graham are
large, and should be clearly reproducible, independent on location and geological formation.

What does theoretical physics have to say about these experiments and physical phenomena? The answer is very
short, namely there is no place for these experimental results. According to currently favored String theory or any
other supersymmetry theory nothing should have been measured. What about alternative theories? At present, there
are no theories capable of completely explaining these experiments. Using the geometrization approach of EHT results
in postulating two additional fundamental gravitational like interactions, which are subsequentely utilized to analyze
all three types of experiments, see Sec. III. However, experiments are producing numerous new results, and no final
conclusions from EHT are available at present.

Regarding the construction of an advanced propulsion device, an additional base experiment might be feasible, in
which the gravity-like field is directed along the axis of rotation, and thus could provide a more direct mechanism for
a field propulsion principle working without propellant. Naturally, such a propellantless propulsion system would be
far superior to any existing propulsion technology, while its technology might be substantially simpler than chemical,
fission, and fusion rockets. There is, of course, insufficient knowledge at present whether such a device is technically
feasible. On the other hand, benefits would be enormous, justifying substantially more extensive research in this field.

II. Theoretical Model of Gravitomagnetic and Gravity-Like Fields

In a series of articles since 2002 the existence of additional gravity-like fields was proposed by the authors. Here
only a brief non-mathematical account of the fundamental assumptions of the underlying physical model termed EHT
(Extended Heim Theory) is presented. According to EHT, each point in 4-dimensional spacetime is equipped with an
8-dimensional internal symmetry space (tangent space), called Heim space H8 . Heim space comprises four subspaces.
Combining these subspaces by employing certain selection rules, a set of partial metric tensors is obtained, forming
a polymetric that represents all of the known fundamental interaction forces. The partial metrics are interpreted as
physical interaction field or group of elementary particles. As a consequence, this geometric approach predicts two
further fundamental physical interaction fields, in addition to the four experimentally known ones. The nature of these
two novel fields is gravity-like.

The six fundamental interactions emerge in our 4-dimensional spacetime and represent real physical fields carrying
energy. The two additional interaction fields are identified as gravitophoton interaction (i.e., the conversion of photons
into a gravity-like field), and quintessence or vacuum interaction (a conversion of photons into a repulsive type of
gravity-like field). The gravitophoton interaction is mediated by two massless, so called gravitophoton particles, one
which is gravitationally attractive, and the other one is gravitationally repulsive. The massless quintessence or vacuum
interaction particle mediates a very weak repulsive gravity-like force that is much smaller in magnitude than the
gravitophoton interaction.

The important question is under which experimental circumstances do these interactions manifest themselves
as real physical phenomena? The answer is that in the experiments by Tajmar et al, Graham et al. as well as in
the Stanford-NASA Gravity Probe B experiment these novel physical phenomena become apparent, which will be
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Figure 2. Six fundamental forces are predicted by EHT. Three of them are gravity-like fields, mediated by the graviton (attractive),
gravitophotons (attractive and repulsive), and the quintessence particle (repulsive). The coupling strengths for the three gravitational fields
were calculated from set theory, i.e., their values are obtained from pure mathematical considerations. H` indicates the type of Hermetry
form, that is, the partial metric tensor, which corresponds to this physical quantity, see Tables 1 and 2 in.25, 26 The arguments of a Hermetry
form indicate the subspace coordinates that are forming this metric tensor. The internal symmetry space comprises four subspaces, namely
R3 responsible for mass, T1 accounting for charge, S2 , for organization, and I2 for information. Hermetry forms can be converted into
different Hermetry forms by experimentally canceling certain subspace coordinates. This is how mixing of particles can be achieved.

discussed in some detail in the subsequent section.
Hence, according to EHT, the gravitational force that we experience is comprised of three different fundamental

interactions, having six interaction quanta, namely two different neutral gravitophotons that can decay via two
modes. The first mode gives a decay into a graviton (the usual graviton of quantized GR theory) and the repulsive
quintessence particle. The second mode results in two gravitophotons one being attractive, the other one repulsive.
The gravitophoton and quintessence interactions should be invariant under an SO(4) group (not SO(3,1)), see,26 Table
2. The laws of momentum and energy conservation are strictly obeyed, but both ordinary and non-ordinary matter
must be accounted for.26

This means that the gravitational constant G contains contributions of all three gravitational constants, termed
Gg,Ggp and Gq, respectively. The quintessence interaction, however, is much smaller than the first two contributions.
For further details see.22

The main idea of EHT is that spacetime possesses an additional internal structure, described by an internal
symmetry space H8, which is attached to each point of the spacetime manifold. The internal coordinates of H8

depend on the local (curvilinear) coordinates of spacetime. This is analogous to gauge theory in that a local or gauge
transformation is used. In gauge theory it is the particles themselves that are given additional degrees of freedom,
expressed by an internal space. Consequently in the geometrization of physics, it is spacetime instead of elementary
particles that has to be provided with internal degrees of freedom. The introduction of an internal space has major
physical consequences. The structure of H8 determines the number and type of physical interactions, and subsequently
leads to a polymetric. This means that spacetime comprises both an external and internal structure. In general,
only the external structure is observed, but it has long been known experimentally that matter can be generated out
of the vacuum. This is a clear sign that spacetime has additional and surprising physical properties. Therefore, any
physical theory that aims at describing physical reality, needs to account for this fact. Since GR uses pure spacetime
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only, as a consequence, only part of the physical world is visible in the form of gravitation.
This idea was first conceived by the German physicist B. Heim. A similar principle was mentioned by the Italian

mathematician B. Finzi. The polymetric tensor resulting from this concept is subdivided into a set of sub-tensors,
and each element of this set is equivalent to a physical interaction or group of particles, and thus the complete ge-
ometrization of physics is achieved. This is, in a nutshell, the strategy chosen to accomplish Einstein’s lifelong goal
of geometrization of physics a.

It must be noted that this approach is in stark contrast to elementary particle physics, in which particles possess
an existence of their own and spacetime is just a background staffage.20 In EHT, considered as the natural extension
of GR, matter simply is a consequence of the additional internal physical features of spacetime. These two
physical pictures are mutually exclusive, and experiment will show which view ultimately reflects physical reality. It
is, however, well understood that the concept of a pointlike elementary particle is highly useful as a working hypothesis
in particle physics.

The approach of EHT is substantially different from GR and leads to the complete geometrization of physical
interactions. But it reduces to GR, if the internal symmetry space is no longer considered.

Naturally, the number and type of interactions depend on the structure of internal space H8 whose subspace com-
position was determined in.7, 9, 25, 26 Contrary to the ideas employed in String theory, see for example,21 H8 is an
internal space of 8 dimensions that, however, governs physical events in our spacetime.

The crucial point lies in the construction of the internal space whose subspace composition should come from basic
physical assumptions, which must be generally acceptable. In other words, since GR does not possess any internal
structure, it has a very limited geometrical structure, namely that of pure spacetime only. Because of this limitation,
GR cannot describe other physical interactions than gravity, and consequently needs to be extended. EHT in its present
form without any quantization, i.e., not using a discrete spacetime, reduces to GR when this internal space is omitted.
The metric tensor, as used in GR, has purely geometrical character, which means it is of immaterial character only,
and does not represent any physics. Consequently, the Einsteinian geometrization principle is equating the Einstein
curvature tensor, constructed from the metric tensor, with the stress tensor, representing energy distribution. In this
way, the metric tensor field has become a physical object whose behavior is governed by an action principle, like that
of any other physical entities. In EHT the internal space H8 is associated with physics through the introduction of
three fundamental length scales, constructed from Planck quantities.

III. Experimental Basis for Gravitomagnetic and Gravity-Like Fields

All experiments performed so far contain a rotating mass that, when cooled to cryogenic temperatures (depending
on the material), suddenly shows some kind of extreme frame dragging (spacetime twisting), which means a Bg field
is generated whose magnitude is about 18-20 orders larger than classical frame dragging from GR.

Classical frame dragging only depends on mass distribution, i.e., on the moment of inertia, but does not exhibit any
dependence on the type of material. This is obvious, since mass can be considered as gravitational charge. However,
in contrast to classical frame dragging the observed frame dragging effect in the experiments by Tajmar et al. depends
on the type of material and also on temperature. Moreover, in contrast to classical frame dragging, the cryogenic
(Tajmar) frame dragging depends on the direction of rotation (pronounced asymmetry between clockwise and
counterclockwise directions). This distinction between left and right is also termed parity violation.

A. Gravitomagnetic and Gravity-Like Field Experiments

The experimental situation distinguishes two types of phenomena, namely the generation of gravitomagnetic fields
Bg (space time twisting), dimension 1/s, that are measured by gyrometers. In case the total time derivative of the Bg
changes, a gravity-like field (gravitational acceleration) is observed, measured by accelerometers. Hence, the existence
of a Bg field is a necessary but not sufficient condition for the existence of a gravity-like field. Furthermore, from the
table of Hermetry forms, see Tables 1 and 2 in,26 it is deduced that two different types of gravitomagnetic Bg fields
exist, which are represented by the neutral gravitophoton particle ν0

gp that, depending on experimental conditions, can
decay via two different modes, see25, 26 b. The first decay mode, which is believed to occur in the experiments by Taj-
mar et al., ν0

gp→ νg +νq, delivers a graviton and quintessence particle. The corresponding gravity-like field produces
an acceleration in tangential direction in the symmetry plane of the accelerated rotating cryogenic ring and follows
some kind of Lenz rule, i.e, it is directed against its origin, which is the mechanical acceleration of the ring. The

aThere is of course a second aspect, namely the quantization of the spacetime field.
bThese two papers provide a more comprehensive and detailed analysis of both experiments and theory.

6 of 19

American Institute of Aeronautics and Astronautics Paper 2008-5124



second decay mode, ν0
gp→ ν+

gp +ν−gp, gives a positive (attractive) and negative (repulsive) gravitophoton. This mech-
anism is deemed to be responsible for the generation of a vertical gravity-like field. In other words, gravitomagnetic
fields are generated if the cryogenic Nb ring (or disk, sphere etc.) is rotating at constant angular speed. A tangential
gravity-like field is generated if the cryogenic Nb ring (or disk, sphere etc.) is subject to angular acceleration. In any
case, an effect is observed only when the temperature is below a critical cryogenic temperature, which seems to be
somewhat higher than the superconducting temperature, TC, of the ring material. Applying a mechanical acceleration,
means that the partial time derivative ∂Bg/∂ t 6= 0. According to EHT a vertical gravity-like field should be produced
if a current is induced into the superconducting uniformly rotating Nb ring, in place of the mechanical acceleration.

Analyzing the GP-B experiment, there should exist two anomalies regarding the two gyro pairs. First, the grav-
itomagnetic fields generated by the rotation of the four cryogenic Nb coated quartz spheres (gyros) should cause a
misalignment of their gyro axes, see Fig 6. Second, since the gravitomagnetic fields are spatially non-homogeneous
that is, Bg = Bg(r), an observer in the coordinate system of the rotating gyro one (regarding a single gyro pair), which
has been fixed to its surface, will experience a time dependent gravitomagnetic field produced by the second gyro
c. Therefore, gyro one should be subject to a tangential force in its plane of rotation. The same holds true for
gyro two. Since the gravity-like force is acting in the same direction, one gyro should be accelerated, the other one
decelerated, because they are counter-rotating. This situation will be discussed further in Sec. B.

Figure 3. Rotating cryogenic ring (Niobium), modified from Tajmar et al., see ref.13 All dimensions are in mm. A cylindrical coordinate
system (r,Θ,z) with origin at the center of the ring is used. Coordinate axes were placed on the surface of the ring for visualization purposes
only. In-Ring accelerometers measured a gravitational acceleration of−1.4×10−5 g in the azimuthal (tangential, Θ) direction when the ring
was subjected to angular acceleration, see Fig. 8(a) ref.13 for the so called curl configuration that comprises a set of four accelerometers.
In an earlier publication, see Fig. 4a) in,12 an acceleration field of about −10× 10−5 g was measured for a single accelerometer. The
acceleration field did not depend on angular velocity ω . The more recent experiment employed a set of 4 in-Ring accelerometers and
confirmed the rotational character of this field. When the direction of rotation was reversed, the acceleration field changed sign, too.

In the experiments by Tajmar et al. no acceleration was measured (averaged) when the Nb ring was in the normal
conducting state. Figure 4 was modified from Tajmar et al., see.13

The gravity-like field acts in circumferential direction, located in the plane of the ring, and is opposite to the angular
acceleration of the ring. Thus, a propulsion force cannot be directly generated. In the right picture of Fig. 4, the ring
is in normal conducting state, and regardless of its state of mechanical motion, no gravity-like field is observedd. This
is an indication that the presence of electron pairs (boson coupling) could be responsible for the generation of the
acceleration field. From a theoretical point of view, Cooper pairs might not be necessary to generate a gravity-like
field. Once the gravitomagnetic field exists, its temporal or spatial variation should give rise to a gravity-like field.

When analyzing the experiments by Tajmar et al., it occurred that an experiment could be devised, demonstrating
the generation of a gravity-like in the vertical direction (along the axis of rotation). Due to the boson coupling (Cooper

cThere could be a self-induction effect, i.e., the gyro rotating in its own gravitomagnetic field causing a tangential force. However, the experi-
ments by Tajmar et al. do not observe this type of phenomenon. Therefore, only the field of the second gyro is used.

dThe terms acceleration field and gravity-like field are used synonymously
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Figure 4. The Nb ring is in superconducting state (a). As soon as the ring is subjected to angular acceleration (red curve), a gravity-like
field is produced, causing the accelerometers to measure an acceleration field, which is acting in the opposite direction (black curve). No
signal is detected when the ring is in normal conducting state (b). Even if the ring is subjected to strong angular acceleration (red curve),the
accelerometers do not see an acceleration field that is, the black curve oscillates around zero value. The difference to the left figure is clearly
visible.

pairs or some kind of two-electron interaction) the technical requirements like magnetic induction field strength,
current density, rotation speed of the cryogenic (superconducting) Nb ring, or current in the solenoid etc. should be
straightforward to meet.

In 2004, the Gravity Probe-B experiment was launched, designed for a special purpose, namely to measure the
Lense-Thirring effect. Since this effect is too small to be seen in a laboratory on Earth, a space flight experiment was
set up. In other words, no frame dragging effects should be visible in any laboratory. In this experiment the Earth
itself was used as a test body and measuring time was about 10 months, since the classical frame dragging effect
accumulates over time.

The GP-B experiment used a set of four Nb coated quartz gyros, see above, to provide a coordinate system from
the magnetic induction vector, generated in the superconducting state via the London effect. Since angular momentum
of a gyro remains invariant, any torque on the gyro axis would be seen as a deviation (precession of the gyro axis). The
gyros were coated with a thin sheet of niobium and were cooled below the critical temperature of Nb. The magnetic
induction field, generated by the London moment, served as coordinate axis, oriented toward a quasar. A substantial
misalignment anomaly was indeed measured. This misalignment was seen while the gyros were rotating at constant
angular frequency. The diameter of each sphere is 38 mm. GP-B used two pairs of gyros, namely the pairs formed by
gyros 1 and 2 as well as 3 and 4. The gyros of a pair are rotating in opposite directions. Apart from the misalignment
there exists another anomaly dealt with in Sec. B. The two gyros within a pair had a separation distance of 75 mm.
The nature of the misalignment is still being discussed, but there seems to be room for the effect predicted by EHT
and also measured by Tajmar et al. as well as Graham et al.

In the experiments by Tajmar et al. the cryogenic Nb ring is rotated together with is aluminum sample holder.
The cross section area of the Nb ring is ANb = 9.0× 10−5 m2, and for the sample holder AAl = 7.8× 10−4 m2. The
densities of Nb and Al are ρNb = 8.57×103 kg m−3 and ρAl = 2.70×103 kg m−3. According to Eq. 1 (derived from
EHT) the gravitomagnetic field of the cryogenic Nb ring with its aluminum sample holder is calculated as

BNb
g =

3
5

20π
1
√

αgp

G
c2

me

mp
(ρNbANb +ρAlAAl)ω = 1.18×10−5rad s−1 (1)

where the factor 3/5 accounts for the metric of the graviton (the contribution of the quintessence metric is 0) ,
G = 6.67× 10−11 m3/(kg s2) is the gravitational constant, αgp = 1.31561× 10−42 is the coupling constant for the
gravitophoton interaction, c = 2.99× 108 m/s the speed of light in vacuum, and me/mp = 1/1836.15 denotes the
electron-proton mass ratio. An angular speed of ω = 450. rad s−1 was used.

Next, in order to compare this value with classical relativistic frame dragging, we calculate the gravitomagnetic
field on the surface of a rotating white dwarf of about one solar mass, that is, 2.×1030 kg, 6.×103 km radius, and a
rotational velocity of 200 km/s.
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BWD
g =

2
5

mWDR2
WD

2G
c2

1
R3

WD
ωWD = 6.63×10−6rad s−1 (2)

which shows that the classical frame dragging as obtained from GR through a relatively fast rotating and massive white
dwarf is comparable to the gravitomagnetic field generated by the cryogenic Nb ring, having a mass of 100 g attached
to its aluminum sample holder od several hundred gram. In other words, if the experiments by Tajmar et al. prove to
be correct, this effect is outside GR and denotes a novel physical phenomenon.

B. Gravitomagnetic Experiments and Rotational Asymmetry

In this section we briefly allude to additional experimental facts, namely the observed asymmetries (sometimes denoted
as parity violation) in gravitomagnetic experiments e. A strong dependence of the magnitude of the measured Bg field
on the direction of rotation of the Nb ring was observed in all three experiments that is, this effect was reported in
all experiments, i.e. by Tajmar et al., Graham et al., and also for GP-B. Tajmar et al. in one of their recent papers14

, clearly see these phenomena, independent of the material utilized. In contrast, the tangential acceleration field was
invariant of the direction of rotation (no asymmetry), see Fig. 4. EHT predicts, however, that an axial acceleration
field should exhibit an asymmetry.

Figure 5. Measured asymmetry for the gravitomagnetic field Bg, (modified) from Tajmar et al., see ref.15 The red curve denotes the
angular velocity of the ring. In these experiments the ring was not accelerated, but rotated at fixed speed. According to,26 the Bg field is
associated with Hermetry form H9, which describes non-ordinary matter. The partial metric terms of this Hermetry form can be classified
as symmetric or anti-symmetric. The ratio of maximal clockwise (CW) and minimal counterclockwise (CCW) Bg fields should be about 5
(average value), according to EHT, see text. The measured value is about 4.1. However, a tangential acceleration field should exhibit no
asymmetry. On the other hand, an axial acceleration field, as predicted by EHT, should show a strong asymmetry factor of about 9.

Currently the combined set of Hermetry forms is only used as a classification scheme for particles and interactions
as shown in recent papers25 and26 , where the existence of ordinary and non-ordinary matter is postulated. For instance,
a neutral electron should exist, responsible for dark matter. It should be remembered that each individual Hermetry
form (metric tensor that represents a physical interaction or particle group) comprises a set of partial metric terms,
formed by their respective subspace coordinates. These partial terms can be classified as being symmetric or anti-
symmetric with respect to the interchange of their internal subspace coordinates. In general, any Hermetry form can
be subdivided into symmetric and anti-symmetric partial terms. Each Hermetry form is defined by its corresponding
potential

gik(H`) = ∑
µ,ν∈H`

g(µν)
ik (H`) =: ∑

µ,ν∈H`

(µν), (3)

which can also be written as

gik(H`) = ∑
µ,ν∈H`

(µν)S +(µν)A (4)

eThis asymmetry is an important physical effect and will be discussed in detail in a forthcoming paper.
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where indices A,S denote the splitting of the partial terms in symmetric and anti-symmetric terms

(µν)A := 1
2 [(µν)+(νµ)]

(µν)S := 1
2 [(µν)− (νµ)].

(5)

From Eq. 5 one obtains directly

(µν)A =−(νµ)A, (µν)S = (νµ)S (6)

With each symmetric partial term (µν)S a fractional spin number sn =±1/n is associated, n being the number of
symmetric partial terms belonging to the same subspace (e.g. S2 ) in this Hermetry form. The number sn is positive for
clockwise (CW) and negative for counter-clockwise (CCW) rotation. This means that the spin number of a symmetric
partial term does change sign when the direction of rotation is reversed. An anti-symmetric partial term (µν)A has
fractional spin number sn = 0. Furthermore, the Bg field generated by a complete subspace metric that contains one
or more anti-symmetric partial terms does not change sign if the direction of rotation is reversed. A subspace metric
comprising symmetric terms only changes sign if the direction of rotation is changed.

Adding and subtracting the partial metric terms (physical potentials) with respect to their direction of rotation,
therefore results in different gravitomagnetic fields BCW

g and BCCW
g for clockwise and anti-clockwise directions. Thus,

according to EHT, the explanation for rotational dependence of the gravitomagnetic fields can be attributed to the num-
ber of symmetric and anti-symmetric partial metric terms in the Hermetry forms of the graviton and the quintessence
particle, into which the neutral gravitophoton is decaying (experiments by Tajmar et al., Graham et. al., GP-B)f. In
these experiments, the gravitomagnetic fields are composed of the partial metrics of the graviton and quintessence
particle, that is,

BCW
g = Bg(νg)+Bg(νq) (7)

and
BCCW

g =−Bg(νg)+Bg(νq). (8)

As a result, a ratio of about 5 for BCCW
g and BCW

g fields should have been measured in the experiments by Tajmar et al.
The fact that Graham et al. report the opposite behavior on the direction of rotation as seen by Tajmar et al. could mean
that the Bg field lines are closed in the far field, and, since their measurements were taken much further away, outside
the rotating disk, Bg field lines could have changed direction (i.e. sign change). g. The fact that Tajmar has not seen a
weakening of the gravitomagnetic field along the vertical axis could mean that two different types of gravitomagnetic
fields exist.

The tangential acceleration field should not exhibit any asymmetry, since it is caused by gravitons, which only
comprise symmetric partial terms. In the experiments by Tajmar et al., the acceleration of the Nb ring generated a time
dependent Bg field, and the associated neutral gravitomagnetic particle decays via ν0

gp→ νg + νq. Only the action of
the graviton can be observed, since the gravitational coupling constant of the quintessence particle is too small to have
a local effect.

One should remember that there exist two decay modes for a neutral gravitophoton ν0
gp particle, and the situation

would be different in the generation of an axial acceleration field, which is produced by positive and negative gravi-
tophotons via the second decay mode, ν0

gp → ν+
gp + ν−gp. In this case, a strong asymmetry factor of about 9 between

the maximal and minimal acceleration fields should be observed. In addition, the axial acceleration field should be
accompanied by a tangential acceleration field.

C. Gravitomagnetic Fields from the Stanford-NASA Gravity Probe B Experiment

The diameter of each quartz sphere is 38 mm. GP-B uses two pairs of gyros one on top of the other, that is, their ω are
on a straight line but antiparallel, namely the pairs formed by gyros 1 and 2 as well as 3 and 4. The separation distance
between two gyros (distance between the centers of the two spheres) is 75 mm. The two dotted curves were determined
theoretically, see Fig. 6. They represent maximum and minimum drift values, due to spin-spin interaction between
gyros used in the GP-B experiment. Theoretical values were obtained from EHT. According to EHT, a substantial part

fWe are well aware that this description deserves more detailed explanation.
gExperiments by Graham et al. were performed in New Zealand. Being in the southern hemisphere should not cause a difference in the

asymmetry
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of the observed gyro anomaly should be due to the two additional gravity-like fields, and should not be explainable by
the four known physical interactions. h

In the following the fact will be used that the neutral gravitophoton can decay via graviton and quintessence particle
or via positive (attractive) gravitophoton and negative (repulsive) gravitophoton (proposed experiment).

Figure 6. Comparison of measured misalignment values of Stanford-NASA Gravity Probe B experiment. Left picture shows an overlay
of measured (solid lines) and maximum and minimum calculated drift rates as obtained from EHT. Right: Comparison of measured
misalignment values for each of the four gyros of Stanford-NASA Gravity Probe B experiment with predictions from EHT.

The coupling to bosons is the prevailing mechanism in both experiments. In the experiments by Tajmar et al. the
resulting gravitophoton decays into a graviton and a quintessence particle. For boson coupling experimental require-
ments, i.e., magnetic induction field strength, current densities, and number of turns of the solenoid are substantially
lower than for fermion coupling (here the vacuum polarization is employed to change the coupling strength via pro-
duction of virtual pairs of electrons and positrons) that was so far assumed in all our papers prior to 2006, see, for
instance, refs.22 23 24

Regarding momentum conservation this is, obviously, not conserved if the action on the gravitational field itself
is not taken into account. This means, regardless whether a gravitational field is generated by the mass of a planet or
in the laboratory, it exerts a force on a material body. Since the beginning of space-flight, the gravitational fields of
the planets have been used to accelerate a spacecraft. Any gravitational field modifies spacetime and the spacecraft
simply follows a geodesic trajectory. In this sense, there is no medium needed for gravitomagnetic propulsion. The
only difference to the well known gravity-assist technique is that instead of using gravitational fields of the planets,
the spacecraft is moving by its proper gravitational field, generated by the conversion of photons into gravitophotons.

D. Gravity-Like Fields from the Stanford-NASA Gravity Probe B Experiment

The GP-B experiment uses two pairs of gyros, numbered 1-2 and 3-4. In each pair the upper gyro (number 1) rotates
counter-clockwise, the lower one (number two) clockwise. Thus the resulting gravitomagnetic fields, denoted by
BCW

g and BCCW
g have opposite directions and their magnitudes are related by BCW

g = 5 BCCW
g , see Sec. B. Apart from

the misalignment of the gyro axes that was described in the previous section, it was also observed that the angular
frequency of the gyros was changing during the experiment. At the start of the experiment, the average angular
frequency was about 70.6 Hz for pair one, and 73.5 Hz for pair two. At the end of the experiment, after some 10
months, the frequency of the gyros was reported as 79.4, 61.8, 82.1, and 64.8 Hz, respectively. Thus the observed
frequency shift was almost the same in both pairs, namely 8.7 Hz. Obviously, the set of all four gyros must satisfy
the conservation of angular momentum. This means that the angular frequency of gyros 1 and 3 increased, while the
frequency of gyros 2 and 4 decreased. So far, this effect has not been fully explained.

Although there exists a (slightly time dependent) coupling among all four gyros, for the sake of simplicity, the
following analysis only considers the interaction between the two gyros within a pair. An average frequency value of
72 Hz is used. In the laboratory frame, F , the CW rotating gyro produces a BCW

g field that is stationary, but not uniform.
It varies both in direction and magnitude from place to place. Using the right-hand rule, the Bg line at the center of

hIf the gravitomagnetic field is actually present as predicted by EHT, the determination of the gyro misalignment by the electrostatic patch effect
should not be completely able to account for the magnitude of the misalignment. Perhaps, GP-B might have seen a novel physical phenomenon,
similar to Tajmar et al.
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the ring points in axial direction, along the negative z-axis i. Now, for the gyro rotating in CCW direction, as seen
from an observer in the frame F , the coordinate system fixed to the surface of this gyro, denoted by FCCW , is seeing a
time-dependent BCW

g field, and consequently is subject to a tangential gravity-like force. Next, if the gravitomagnetic
field generated by the CCW rotating gyro is regarded, a BCCW

g field of different magnitude and opposite direction
with respect to the BCW

g field is produced. For an observer in the frame FCW , the gravitomagnetic BCCW
g becomes

time dependent, and thus this gyro also experiences a tangential force. As the time dependent gravitomagnetic field is
proportional to the rotation of the acceleration field, the acceleration acts in the same direction in both cases, since the
two gravitomagnetic fields BCW

g and BCCW
g as well as the directions of rotation of the two gyros are of opposite sign.

The time dependence of the gravitomagnetic fields is calculated from Eqs. 7 and 8, respectively. It must, however, be
considered that the acceleration needs to be symmetric, and thus the contribution of the quintessence metric is 0. Thus,
Eqs. 7 and 8 give the same acceleration. This means that a gravity-like field in circumferential (tangential) direction
is generated, accelerating one of the gyros and decelerating the other one j. The gravitomagnetic field Bg responsible
for the acceleration is given by

Bg =
3
5

20π
1
√

αgp

G
c2

me

mp
ρAω. (9)

Utilizing this value, the magnitude of the circumferential acceleration field in the symmetry plane of the gyro is
calculated.

ggp = 723 v2

c
Bg (10)

where the factor 723 is a theoretically calculated value. k The tangential acceleration follows some kind of Lenz
rule, i.e. acts against its cause, namely against the direction of the temporal change of ωNb. With measuring time t
(approximately 10 months) the effect should accumulate, and eventually lead to a velocity change of

±∆v = ggp t = 723 v2

c
Bg t ≈ 1.04 m/s. (11)

The Bg field and ∆v can be obtained from experimental data. A simple estimate can be done as follows. Assuming
a constant acceleration ggp in the circumferential direction during the 10 months period and using a radius of r =
1.9× 10−2 m for the gyros (quartz spheres) as well as utilizing a change in frequency ∆ν = 8.7 Hz, the average
acceleration due to the gravity-like field is given by

ggp = 2πr
∆ν

∆t
= 6.28×1.9×10−2× 8.7

305×86400
≈ 3.94×10−8 m/s2, (12)

which is a very small acceleration, but applied over a period of 10 months it lead to a velocity change of the gyros of
±1.04 m/s. From this experimental value in combination with Eq. 10 the magnitude of the corresponding Bg can be
determined. From Eq. 10 one obtains

BGP−B
g = 1/723 c

v2 ggp = 4.27×10−7 1/s. (13)

This value can then be compared with the theoretical Bg field of Eq. 9 where the spatial decline of this field needs
to be taken into account. The second gyro is at a distance d = 7.5×10−2m. Inserting the numbers from the experiment
into Eq. 9 delivers the theoretical value for Bg at the center of the ring.

Bg(0) =
3
5

20π
1
√

αgp

G
c2

me

mp
ρAω = 3.77×10−5 1/s (14)

where A is the cross section of the body, i.e. for the sphere A = π× r2. Assuming that the field at distance d is that of
a dipole

BEHT
g =

r3

(r2 +d2)3/2 Bg(0) = 5.39×10−7 1/s. (15)

iThe orientation of the laboratory frame F is such that the positive z-axis is chosen to be parallel to the ω-axis of the CCW rotating gyro
jThis is a preliminary qualitative analysis. A mathematically based analysis will also be performed.
kThe operator v ·∇ has a factor 723 assigned, the time operator ∂

∂ t a value of 721.
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Comparing the numerical results of the empirically determined gravitomagnetic field from Eq. 13 and the the-
oretical value determined from EHT, Eq. 15, there is an astonishingly good agreement. This could be taken as
indication that such a gravitomagnetic field was actually present in the GP-B experiment. The EHT value should be
higher, since it is valid for T = 0 K. The result is even more astounding because in Eq. 14 the theoretically derived
coupling constant for the gravitophoton interaction occurs, which was derived long before the GP-B results became
known. The result is important also in another way, namely the density of the material seems to play a role. The super-
conducting Nb sheet obviously triggers the conversion of photons into gravitophotons that subsequently are decaying
into gravitons and quintessence particles, but the quartz material seems to take part in the generation of the tangential
gravitational field. Perhaps the process proceeds in two stages (the mechanism for the generation of gravitomagnetic
and gravity-like fields is given in25, 26). In stage one, a phase change needs to be produced in form of two-electron
interaction causing an imaginary (virtual) current. In stage two, the imaginary charges (see Table 2 of non-ordinary
matter in26) are converted into gravitophotons, because charge conservation has to be obeyed. This could have an
influence on further experiments in that thinly coated configurations might have the same effect as, for instance, a full
Nb ring. However, no data are available yet and theoretical predictions do not exist.

IV. Nature of Gravitomagnetic Phenomena and Physical Interactions

From the experimental evidence presented above, it is assumed that gravitomagnetic measurements in the labora-
tory have demonstrated both the existence of a gravitomagnetic field and/or gravity-like field. The gravitomagnetic
field is 18-20 orders of magnitude larger than predicted by GR. The question naturally arises how to explain these
experimental findings. In order to account for gravitomagnetic phenomena by the four known physical interactions, it
is necessary to identify those interaction(s) responsible for these effects. The subsequent analysis, based on qualitative
physical arguments, leads to straightforward, but surprising conclusions.

• Gravity (Non-Newtonian) in the form of classical frame dragging as predicted by GR cannot be used to explain
the existence of the gravity-like field or gravitomagnetic field. The Stanford-NASA GP-B experiment has shown
the immense difficulties in measuring frame dragging for a body even of the mass of the Earth accumulated over
a period of 10 months. Therefore, this effect cannot be measured for a small rotating ring or disk having a
mass of about 100 g within a few seconds. Furthermore, the small mass of the ring in comparison to the mass
of the Earth also rules out Newtonian gravity.

• Moreover, the Lense-Thirring frame dragging effect predicts the dragging of a moving object in the direction
of rotation. The observed gravity-like field, however, acts opposite to the direction of rotation, following some
kind of gravitational Lenz rule, and behaves more like an electromagnetic field. Thus common gravity cannot
generate such a field.

• The physical explanation for these gravitomagnetic phenomena cannot be given by GR, even if the nonlinear
equations were used, since no anomalous spacetime curvature was reported in the experiments.

• Conclusion 1: Gravitomagnetic phenomena are outside GR.

• All experiments by Tajmar et al. were electromagnetically very well shielded. Tajmar refined his shielding for
about four years.15 The different measurement technique by Graham excludes any influence by electromagnetic
fields.

• Conclusion 2: Electromagnetic interaction cannot take place.

• Both the weak and the strong force are of short range, i.e., on the scale of the nucleus. Gravitomagnetic and
gravity-like fields, however, are of long range as is clearly demonstrated by the measuring process itself.

• In addition, the weak force cannot play a role, since there is no particle decay.

• Conclusion 3: Neither the weak nor the strong force can account for gravitomagnetic phenomena. No other
physical interactions are known.

This leads to the following final conclusions, strictly based on experimental grounds.

1. Gravitomagnetic phenomena cannot be explained by any of the four known physical interactions. Therefore,
the existence of at least one additional long range physical interaction is required.
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2. Moreover, in all experiments that produced a gravitomagnetic field, a strong asymmetry concerning the direction
of rotation of the ring or disk (that is, clockwise or counter-clockwise) has been observed.

3. From the experiments it is clear, that these fields are gravity-like. This means that gravitational effects can be
produced other than by the accumulation of large masses.

4. The existence of one or two additional physical interactions also demands the existence of one or two messenger
particles (like the photon for electrodynamics), which must be bosons. These messenger particles are the carriers
of the interactions. Since the fields observed are long range, the rest mass of these particles should be zero.

It is understood that extreme caution is needed when announcing novel physical interactions. The physical effects
measured by Tajmar and Graham are large, and should be clearly reproducible independent on location and geological
formation. Nevertheless, it is mandatory that other experimental groups reproduce these measurements, preferably
using different measurement techniques.
For reasons based on the polymetric of H8 , the existence of two additional physical interactions is assumed. Because
of the asymmetry observed, it could be surmised that one of the interactions is attractive and the other one is repulsive.
These additional gravitational interactions were termed gravitophoton (attractive and repulsive) and quintessence
(repulsive) interactions. Their respective messenger particles are denoted as gravitophotons (attractive and repulsive)
and quintessence (repulsive) particle.

Regarding the direction of gravity -like fields, the field of Tajmar et al. is in the circumferential direction, and
needs a time varying neutral gravitophoton field. In the proposed vertical gravity-like experiment the time varying
differential operator is replaced by the spatially varying operator (total derivative), which should lead to a completely
different nature of the gravitomagnetic force that is much more amenable to space propulsion purposes, and should be
directed along the axis of rotation.

In both cases the energy extracted from the vacuum is zero, since graviton and quintessence particles have negative
and positive energy densities, respectively. With respect to the energy budget in the experiments by Tajmar et al., if
only the energy of the gravitons can be measured, it should seem that energy conservation is violated. However, this
would be a clear sign that the energy budget is not complete, because the positive energy density of the quintessence
particle was not accounted for. In the vertical gravity-like field experiment, the total energy taken from the vacuum is
also 0. The two gravitophoton fields have opposite energy densities and add up to zero energy density. The gravito-
magnetic force from positive gravitophotons is directed along the axis of rotation, while the gravitomagnetic force of
the negative gravitophotons is in tangential direction.

V. Novel Gravitomagnetic Experiments

In the following two additional experiments are presented. First, a more accurate technique for the measurement
of the acceleration field is suggested, and second, the experimental setup for the generation of a gravity-like vertical
force (in the direction of the axis of rotation) is discussed. If such a field actually could be generated, it could be the
basis for a gravity-controlled technology. A vertical gravity-like field could also serve as a demonstrator for a field
propulsion principle without propellant, depending, however on the physical nature of the field. In such an experiment
the cryogenic rotating ring, employed in the experiments by Tajmar et al., should be replaced by an insulating disk of
a special material in combination with a set of superconducting coils. According to EHT, the physical mechanism is
different from the experiments by Tajmar et al. in that the neutral gravitophoton decays into a positive (attractive) and
negative (repulsive) gravitophoton, which should cause the gravity-like field to be directed along the axis of rotation
of the disk.

A. Acceleration Measurement for Gravity-Like Field: Photon Red- and Blueshifts

In Tajmar’s experimental setup a circular acceleration field of magnitude a is generated by the nonuniform rotation of
the (superconducting Nb ring) l. Here we suggest a modified setup to facilitate the measurement of the acceleration
field, based on the gravitational mass, m, of the photon, which is equal in value to its inertial mass hν/c2. Therefore,
its energy hν should be increased or decreased by maL when subjected to an acceleration of magnitude a over distance
L.

lAccording to theory, the superconducting state might not be needed. As soon as a Bg field is present and a time derivative is generated
experimentally, an acceleration field should be observed. However, it could be that this field, because of its weakness, has escaped the measurements.
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In this novel experiment, in order to measuring the acceleration, a, accelerometers would be replaced by a circular
fiber optics ring located in the plane of rotation, placed concentrically around the rotating ring. Since the acceleration
field is equivalent to a gravitational field, a photon, similar to the experiment of Pound and Rebca in 1960, emitted
inside the fiber optics ring, which is moving in a direction against the acceleration vector gains potential and loses
kinetic energy, and thus is redshifted by

ν
′
r = ν(1− aL

c2 ). (16)

If the photon is emitted in the direction of the acceleration vector, it loses potential and thus gains kinetic energy
and should be blueshifted by

ν
′
b = ν(1+

aL
c2 ) (17)

where a is the magnitude of the acceleration.
Since frequencies can be measured with much higher precision than mechanical acceleration, precision should be

increased by several orders of magnitude. Moreover, this experimental set up would be much more robust against
mechanical vibrations that plague accelerometer measurements. In particular, the accuracy should be sufficient to
determine whether the strong asymmetry, between clockwise and counterclockwise rotation, as observed in the mea-
surements for the Bg field, would also be present in accelerometer measurements (according to EHT, the tangential
acceleration field should not exhibit any asymmetry, while the axial acceleration field (not yet measured but pre-
dicted), should show an asymmetry. Comparing the frequency shift of Eq. 16 with the relatively large red shift of a
white dwarf GMs/Rs = 5.3×1012 m2/s2 it is obvious that the value aL will be much smaller and more in line with the
magnitude of the photon falling a distance h in the gravitational field of the Earth, as measured by Pound and Rebca
that is, aL ≈ gh. This gravitational shift is much smaller than the natural line width, but employing the recoilless
technique by Mössbauer (iron 57Fe∗ resonance, because of the metastable state the natural linewidth Γ ≈ 10−8 eV is
small for the 14.4 keV photon (in reality there are six photon transitions)), Pound and Rebca were able to measure
the energy change of the photon caused by its interaction with the gravitational field of the Earth. Therefore a similar
technique should be applicable to the proposed experiment.

B. Experiment for Vertical Gravity-Like Force

This experiment (see Sec. II) should result in a measurable force acting in the direction of the axis of rotation that
is, a vertical gravity-like field is generated. According to theoretical considerations this force should be generated by
replacing the operator ∂/∂ t, that is the explicit temporal variation of the gravitomagnetic field Bg

m is replaced by the
expression (v ·∇). With regard to the equivalence of 4-dimensional spacetime coordinates, both the convective and the
time explicit operators applied to Bg should result in an acceleration field. However, the resulting acceleration fields
should have different directions.

To minimize the modification of the current experimental setup of Tajmar et al., however, the following configu-
ration is suggested: the sample holder is made of aluminum (Al) and the rotating ring is made of niobium (Nb). If
the sample holder is made of teflon (F), the gravitomagnetic field should be stronger. A solenoid (for instance copper
(Cu)) is placed directly beneath this configuration, so that Nb ring and solenoid can act as transformer, the Nb ring
counting as one turn only. A current of approximately 0.38 A is induced in the superconducting Nb ring by the Cu
solenoid. The somewhat simplified formula below calculates the vertical acceleration field along the axis of rotation
(averaged value, maximal and minimal values depending on the direction of current in the solenoid) that should be
measured carrying out the experiment:

ggpêz = k kNb kAl
1
π

me

mp

v2
sh
c

exp(−(γ− 1
γ
)2)ωI . (18)

where the exponential factor accounts for some kind of resonance phenomenon and variable γ = ( I
I0

)2. I denotes the
induced current in the Nb ring, and the reference current is I0 = 0.38 A for the current experiment. In general it is a
function I0 = I0(ωI). In the following it is assumed that γ = 1.

A current is induced in the (superconducting) Nb ring by ramping up the current in the solenoid beneath this ring
from zero to its final value, causing a time dependent magnetic flux. Quantity ωI is the quantum mechanical angular
frequency of the imaginary electron pairs in the Nb ring, see26 n, which should be formed when the phase transition

mAs produced by angular acceleration of the rotating ring in the Tajmar et al. experiments.
nIn this reference it is shown that in accordance with the recent work of G. Lisi ordinary matter is described by group E8, but there should be a

second group E8 describing non-ordinary matter, e.g. gravitophotons, imaginary leptons, neutral electron etc.
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kicks in. It was determined from the quantum mechanically computed Fermi energy of the boson like electron pairs.
From this energy the circumferential velocity of the imaginary electron pairs in the Nb ring was calculated as 2.16×105

m/s, and utilizing the value of the radius of the Nb ring, 7.5×10−2 m, their angular frequency ωI was determined to
2.88×106 Hz.

The temperature at which this transition occurs was determined for the Al sample holder (calculation of the fun-
damental coupling constants necessary) to about 15.9 K. Most likely, a temperature below 9.2 K is needed for the
cryogenic Nb ring. The coupling factors in Eq. 18 have the following values: k = 3, kNb = [(1− δ )(1− δa)]−1− 1
with δ = 1/24, a = 1/8, and kAl = 1. Quantities me and mp denote electron and proton masses. The velocity vsh
is the circumferential velocity of the sample holder, and the value of vsh = 50 m/s was used that was reached in the
experiments by Tajmar et al. The acceleration field, ggp is termed gravitophoton acceleration field, because it owes its
existence to the conversion of photons into gravitophotons, see Tables 1 and 2 in26 , i.e., this conversion process seems
to be the only path for ordinary matter to interact with non-ordinary matter.

In the experiments by Tajmar et al. a sensor is placed at a short distance d above the Nb ring to measure the
magnetic induction field, caused by the induced current in the superconducting rotating Nb ring. For d = 7.5×10−2

m, the magnitude of the magnetic induction field due to the London effect at the location of the field sensor is

B =
2me

e
1

36
ωI = 1.0×10−6 T (19)

where the B field is measured in Tesla. This means, a sensor reading of this value is equivalent to a current of 0.38 A
in the Nb ring. Inserting the respective values into Eq. 18, one obtains for the magnitude of the acceleration field

ggp = 3× 1
20.49

×1× 1
π
× 1

1836
× 2.5×103

3×108 ×2.88×106× 1
9.81

g = 6.2×10−5g (20)

where we inserted the quantum mechanical velocity of the electron pairs (Cooper pairs) o. It is suggested that, starting
from the value B≈ 1.0×10−6 T, the current in the Cu solenoid - which easily can produce this B field in the Nb ring -
should be varied in small steps, in order to measure the predicted value of the ggp acceleration field, since ωI depends
on the temperature of the Nb ring, and thus also the reference current I0. Furthermore, Eq. 18 holds for T = 0 K, and
thus the specified values cannot be considered exact, but instead are approximate ones.

VI. Conclusions and Future Activities

Since 2002 ideas for a geometric approach of describing physical interactions, termed EHT (Extended Heim
Theory) were published. This approach predicts two additional physical interactions in the form of gravity-like fields,
see for instance 7 9 22 25 and 26 . A popular description of this research may be found in30 31 32 33 .

Numerous experiments by Tajmar et al. were carried out since 2003, and first published in 2006 report on
the generation of gravitomagnetic (spacetime twisting) and gravity-like fields (acceleration) in the laboratory. The
gravitational effects measured were about 18-20 orders of magnitude larger than predicted by the Lense-Thirring
effect of GR. In other words, the rotating niobium ring, having a mass of some 100 grams as utilized by Tajmar et al.,
produces a gravitational effect similar to the mass of a a white dwarf. A popular description of their research may be
found in.27, 28 These experiments were repeated by Graham et al. in 2007,17 and most recently Tajmar et al.14 provided
a comparison between the two experiments. Provided that the experiments of Tajmar and Graham are correct, a similar
effect should have been observed in the Stanford-NASA Gravity Probe B experiment. The theoretical analysis of the
GP-B anomalies based on EHT corroborates this idea.

In Section II, the geometrization concept of EHT was shown, which is based on the existence of an eight-
dimensional internal symmetry space, attached to each point of the conventional four-dimensional spacetime. This
concept leads to exactly six fundamental physical interactions, three of them gravity like, but gravity can now be both
attractive and repulsive.

In Section III, the experiments are discussed in detail and from the theoretical side, EHT, was used to predict the
magnitude of the gyro misalignment by spin-spin interaction, caused by the generation of gravity-like fields acting
among the two gyros in a gyro pair as well as the acceleration and deceleration observed in the two gyro pairs over
the 10 months measuring period. The GB-P experiment utilized two pairs with counter-rotating gyros that exhibited
an asymmetric misalignment behavior with regard to the direction of rotation. Theoretical predictions and measured
misalignment were compared and gave reasonable agreement. It remains to be seen whether the electrostatic patch
effect used to predict gyro misalignment by the Stanford team is capable to account for the magnitude of this effect and

oIt seems that for this experiment a superconducting state is needed, since a supercurrent has to be induced into the Nb ring.
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the observed accel-decel anomalies of gyro pairs in the post-flight analysis. Since the analysis of the misalignment is
still ongoing by the GP-B team29 part of the misalignment of the two gyro pairs in the experiment might be attributable
to the existence of the gravity-like field. In other words, the anomaly observed seems not to be completely explainable
by classical effects, i.e., electrostatic forces etc. There seems to be room for the existence of gravity-like fields in
the GP-B experiment. Therefore, the role of the electrostatic patch model used to explain a large part of the anomaly
needs to be analyzed further, in order to revealing the true cause of the significant misalignment of the Nb coated quartz
spheres in the GP-B experiment. The Lense-Thirring effect was already determined in late 2005 from LAGEOS and
LAGEOS II satellites whose data were evaluated for a period of about 11 years, see the comprehensive paper by
Ciufolini et al.19 Despite the smallness of the effect the analysis of the satellite data provided an accuracy between
5 to 10%. Therefore, the Lense-Thirring (frame dragging) effect exists exactly as predicted by GR. Hence, there is
no room using a modification of the Lense-Thirring effect as an explanation for the observed gravity-like fields. The
explanation must be sought outside GR and requires novel physics. The acceleration phenomenon was discussed in
detail and theoretical and experimental results are in good agreement. It could well be that the scientific value of the
GP-B experiment might be in providing an independent proof of the existence of gravity-like fields.

In Section IV, EHT is used to perform an analysis of the experiments by Tajmar et al., Graham. et al., and GP-B in
order to answer the salient question which of the four known fundamental physical interactions could be responsible
for these enormous frame dragging like effects. Using straightforward physical arguments, it becomes evident that
none of the four fundamental interactions can have caused these effects. Therefore the measurements, if correct,
constitute a novel physical phenomenon, and thus additional physical interactions should exist. It is interesting to
note, that none of the established physical theories (String theory, supersymmetry etc.) have predicted any effect like
this, and thus have, at least, considered to be incomplete.

In Section V novel experiments are discussed that might lead to vertical gravity-like fields.
In summary, the present situation is characterized by the fact that a large number of experiments were performed

over a period of more than four years, employing very different measurement techniques, but showing highly similar,
but totally unexpected results. Measurement techniques in all experiments are clearly state of the art, in particular
for the GP-B experiment and the latest experiments by Tajmar et al.16 p . Hence, the conclusion is that substantial
experimental evidence for the existence of gravity-like field is available. It remains to be seen, whether in the case of the
Gp-B experiment the misalignment of the orientation of the gyro axes and the change in the gyro rotation frequencies
can be convincingly explained by classical physics. According to EHT, the misalignment of the orientation of the gyro
axes has be attributed to a gravitomagnetic field, and the change in the gyro rotation frequencies needs to be traced
back to a gravity-like field. If this were true, a rather solid experimental basis of three highly different experiments
seeing the same novel physical phenomenon would exist. This would serve as a comprehensive experimental data
set against which theoretical concepts have to be compared. In this regard the GP-B experiment might deliver highly
interesting novel physical results. The current theoretical findings from EHT and their comparisons to experimental
results are encouraging, though lots of open questions remain.

For the sake of clarity, the current situation (June 2008) is rephrased as follows. There is experimental data from
three completely unrelated sources, employing completely different measuring techniques that have seen physical
effects that are approximately 18-20 orders of magnitude larger than predicted by GR. In all experiments a phase
transition occurred at low temperatures (not necessarily at TC, the critical temperature for superconducting, but possibly
two-electron interaction took place?). GR cannot be used to explain these phenomena, even if the full nonlinear
Einstein field equations were used, which should make no difference. The Lageos and GP-B experiments have clearly
demonstrated that the inertial frame-dragging effect, even from celestial bodies, is extremely small and within GR.
These facts provide evidence for novel physics in the form of additional fundamental forces.

How to proceed? It seems that there is sufficient reliable experimental data to start a comprehensive theoretical
and experimental research program in gravity-like fields. There exists a physical model that can partly reproduce
experimental facts, and also provide guidelines for an experiment generating a gravity-like field acting along the
axis of rotation, while the ring or disk is rotating at constant speed. If such an experiment were successful, the
goal of gravity-controlled technology (energy generation) or propulsion without propellant would be much closer.
Naturally, a propellantless propulsion system would be far superior to any existing propulsion technology, while its
technology might be substantially simpler than present technology of linear momentum conservation employed in
chemical, fission or fusion rockets.

Moreover, gravity-like fields most likely would lead to novel technologies in the general field of transportation,
pThere was no time to use EHT to investigate the observed influence of the liquid helium circulation as reported in this experiment (June 2008).

However, since Tajmar et al. have repeated their experiments several hundreds of times or even more, it seems reasonable to assume that previous
measurements are still valid.
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and thus should be of major interest to the public and, in particular, to industry.
There is, of course, despite the rather solid experimental basis, insufficient knowledge at present whether these

gravity-like fields are technically feasible and how they scale. The next step should therefore be to conduct a com-
prehensive and detailed study for determining the technical details of how to realize the proposed experiment for a
vertical gravity-like field and to clarify the theoretical background. At the same time current experiments should be
further refined and re-evaluated.

Needless to say, control of gravity would lead to completely new technologies, comparable to the advent of
electricity and magnetism in the 19 th century.
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